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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a technique for removing catalytic 
elements from a semiconductor f i lm containing si I icon, while leaving the 
characteristic features of low-temperature process. 

SOLUTION: An amorphous film 203 containing silicon is formed on a glass 
substrate 201 and crystallized by use of catalytic elements. Subsequently, 
an impurity element which belongs to the group 15 is selectively introduced 
into the thus obtained crystalline silicon film to form gettering regions 
208 and 209 and a non-getter i ng region 210. Further, the catalytic elements 
in the silicon film are transferred to the gettering regions 208 and 209 by 
heat treatment. Through these gettering steps, there can be obtained a 
crystalline silicon film 211 with the catalytic elements being reduced in 
amount to a satisfactory extent. 



D I ALOG (R) F i I e 352:DERWENT WPI 

(c) 2000 Derwent Info Ltd. AN rts. reserv. 

012183659 **lmage available** 

WPI Acc No: 98-600572/199851 
TFT manufacturing method - involves moving catalyst element from silicon 
film to gettering area by subjecting substrate to heat processing at 
specific temperature range 

Patent Assignee: SEMICONDUCTOR ENERGY LAB (SEME ) 

Number of Countries: 002 Number of Patents: 002 

Patent Fami ly : 

Patent No Kind Date Applicat No Kind Date Main IPC Week 

JP 10270363 A 19981009 JP 9794607 A 19970327 H01L-021/20 199851 B 

KR 98081004 A 19981125 KR 9811579 A 19980327 H01L-021/00 200005 

Priority Applications (No Type Date): JP 9794607 A 19970327 
Patent Detai Is: 

Patent Kind Lan Pg Filing Notes Application Patent 
JP 10270363 A 20 

Abstract (Basic): JP 10270363 A 

The method involves forming non-crystal semiconductor film (203) 
containing silicon on insulated surface of a glass substrate (201). The 
non-crystal semiconductor film is crystallised by heating process. The 
crystallisation of the non- crystal semiconductor film is enhanced by 
using catalyst element. 

A gettering area (208,209) is formed adding impurity element 
belonging to group XV. The catalyst element in the silicon film is 
moved to the gettering area by heat processing at a specific 
temperature range. 

ADVANTAGE - Reduces catalyst element even at sufficient low 
concentration by gettering process. Provides semiconductor device with 
superior electrical property and high reliability. Offers easy removal 
of catalyst element by low temperature process. 
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X10l8 at on.s/cm3 ? -7-/1^^9 LT^c^, 
£ fe2X10 l5 ions/crn 2 <75 K— Xi;-t-*flni-ixi£S I MS 

it/ 5 " 

l 0 0 8 3 ] UStiCfi i, o > fiv » K-X*-vM*aTPR4 

[0 0 8 4] 9l*"?»il0keV ©»*IC}± P3C*<0 

j,'— Xft i t> 5X10 u ionsV'cm2>"t-iXiiS I M 

[0 0 8 5] ZOSKciOkwV >30keV > X'& b 

[0 0 8 6] WiO^r^^ o . ^<7?fc* 
<7?flQ»43rg*r600 t 8«*W]-?1t5 >l>'5*ftrt-ClWW 

ft(0^> tt, SDiSSE30keV f K-X15: 2X1015 
ions/cB2^±>-f5, SV>(t3njM^Sl0keV t'K-Xf 
£ SXloHions/caZWiiri-SZiasSf* L^C c^5t 

[0 0 8 7] KWMH<: L"CJma«EEdS 

5, Sot, gUfe-?J4*nj$«ElfikeV T* K-Xf5r 5X 

[0088] fmsm&vmc, anamffs s iokev <os 

Xft# 5X l0 14 ions/cni2y.±.-C5>iXi5=- ^ 

[0 0 8 9] **WS-oSS, TFT^t!:^ 

-S-X.^lM-^^C^X-CV^-^'T-^igS ( lX10l8at 

[0 0 9 0] t:oT-, *«^*?>r±ittt*»4: L^'J 
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JBl*fc*fi'roJ»*$:H' < fc. -rW^^ll 9 ic^l - . HI 
9 (A) tttfy* V 's 7J%?F&i%o c LtU ^JSi^fc^l 
•g-. 119 (B) li^'O^^^^^^^^^^o 

[ 0 0 9 1] K- f>^5fe ; «F;t/JDiSSI±30keV , 

K-** 5X10l 4 ions/cn,2> U f V * 0 

[0 0 9 2] r/^K-tV/'^iS (A) iCTTc-tl* 
^i^/l-i^ii^'^^^c^ 160 X 200 n 

ds, rf.nx*: K-kV^LfcH9 (B) C*tK»? 

[0 0 9 3] Sl±»*«-. *«WdS*i-yy^y 

[0 0 9 4] »±5^L7i*5£SE#5»lCJ:5^ 

[0 0 9 5] *«w#?>ro3t*-?rt:ta«i4»vMa^A^ 

■C±PSil«tt:700 r (»*L<H:550 -650 TC, 
[0 0 9 6] JaSB*W«:ft'' , «5^A'' N i: , ' % 5SB* 
-^s-Ftiltni. ±ifitt:24B*IB] (#*L<tt 4~ 

[0097] 600 x: ffimnmmBM&tmb ! - 

HJE^lOkeV iL. K— XII: 5X 10 ^atoms/cm 3 EX± 
> 5 C t -C'- V * » ttiTflJC * -r-g^c-C* ft 5 

[0 0 9 8] £33. =7^^iSS f r 1 X 10l 8 atoms/cra3 
SlTSCi-Sro-e+aTfcfti*' K-**« IX lotions 
/cm 2 £L± ($f£L<ii 5X10 13 atonis/cm 3 ~ 5X10 14 at 
oms/cm3 ) t+^iiSfilO, 

[0099] csosw 2 ) ^-m^&m-z",t.%s&m 1 > 
i^js-?**^***' 0 **^*^ 5 w * a 1 °- m 

[0100] H 1 0 (A) ic33v»t, 3 0 ui^f 

7*S«-?;Si>9. ^co_LicTtSl!3S3 0 2. BOTSOnmo* 



Ktr-'ic 5 * ? 3 0 4 , fiijSE7cSi 

SB 3 0 5 ^rlSitS, 

[0101] z<D#m-?&mn®%'pizis\,*xijv3t : k 

BS.&t U . Ififaasll 3 0 3<7?fSSSS!ciSixte&#£> 

■ir/u*rl00ppm (fiS&^) T"^ ^ '-fc=- y /^Ig^iS 
j£*r* t'> = — H=i-=£ 9 ^-m - . ^1111^3 0 3 
cO^SfCfgT^l ^— s> Y^^^M 3 0 6 T^5x"t'5o (H 
1 0 (A) ) 

[0 1 0 2] 11 1 0 (A) '.Z^-ti£?&*:'&tLb. 

3 0 3 fcj&a-ffc+o, ^alSSSrf 3 0 3<0«*{tS±. ' 

iei) ',cii'f7-r5, (Hi 0 (B) ) 
[0103] r<75^ s vtxm:csixt^*Sfc!t 

=>>3f) sS^GxSiXo, o :t z <D^iC?s Hit: L 

[0 10 4] ZC0H#, Sft^ttftOlfcli, ®=ydr 

08 (stae^ai) . @««»^ as« 4*^0 3 

0 9 (ifalaifi) (OHocopjgil^^^o. ^ 
[0 10 5] l^ibtbf-.rafBftm'O^^tCJtL.T 

^—^-^'D^M^t'a o , rix:cJ: 9 ^Bxftffl^3 o 8 

5, #3lSfflfr!T-!iK r F — =r -> i — 
(U 10 (C) ) 

[0 10 6] u— !f— JtwRB$t^^TLfc5>, Uv?^ h 
LV\ (0 1 0 (D).) 

[0 10 7] *3S3fi«-?!i-WK-e>^xmsrRF« 
^J20W , SDii^ElOkeV , K— ^'45 X 10 14 ions/cn 3 "C 

- to ? tc^jO V— f > ^XfiSC £V -T -y 9 V 
^i$3 12.31 3J3£a c S-^3' ^ y >^hM^c3 1 4 3 5 

[0 10 8] Ptc^cO K— t'>^xmii s ^TLfc?>> ^ 
->'^ h-a-Pt ^ 3 1 1 ^^^L-rJDsft.^^'fT'-V 

9 ■) >-^^-^c3 i 4<75r^95:i?Si¥i- ; = — -^^ 

^y^/^1^3 12,31 3 <D/j:z (^EOtO^tSlO ^ 

y >^8Sae3 1 SiMt'oK^,- "(Hi 0 (E) ) 
[0109] " <OBf . SDSAiSr^it^SSei! 1 IC'tSo-C^ffi 
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10 1 1 0] *L"C. ^-sy/ao?y?#!)5' 
aftiSfi»Sitfc»*^-^3 1 6Sr#5. 

^^^^312. 3 1 3 >Bs-*-afla»t>- 

^ic^toCi^U^. (010(F)) 

10 1 1 1] jfcSllSW©**^®*^''** 1 **- Hi 

0 (B) iC^rffiB B B^XftWSi-i#ono1^SSlS3 

0 8l±, ^*B(7?-5'^/i'tSS^iE^-^ / 5 r/l '^^ Sll, - fc 

[0112] eh*?, ^m&\ i s-^ Lit^a-ft^a £ f 

9. tt.a«Hflfcffl< 7'n-fc*ttfc-*'- 

[0 113] C^JSW 3 ] *»«0H-?liN^ + *A,®T 
F T > Pf'+^M'ST F T c fctlaB &icW&*>ltfc.C 
MO S [s!K*:f^Si^'5Xm^!lcov ^XWft-f*. 

[OiUlill (A) {C33^"C. 1 lli#7*S 
«. l2liT««. 1 3liN^ + **STFT*>iSS 
JS, 1 4f+p^-r*^STFTWf£i£. I i"?£>o. f§teS 

13. l4ttflitfH2 (F) 

[0 1151 ^?XTCVDS4fclt«E»CV 

jfeSMIIl 5 4r»J«1-5. (Ill (A)) 
[0 116] <JcSC .T^S-"^^^^^^ 

**»L (H**i") . ^--^'--fc^^^ 

($5£7-i353i3^SiS«^£^^' i ~ ; = , <> lsi-&Sffi4& 
«tt««:Wffl-r S r t -e#5LK*w»«iWkfll 16,1 
7 . *a*HMSiMfcfll 18. 19, ^ h .*« 20.2 

[o 1 1 7] '<fctc y-r fm@2 0, 2 1.#?Lf«K<*> 
EMSiHttBI 16, l 7 Srr* * £ 'w-C^-f Hfe** 1 5 
fcxs^l'/u Y-f hSfeSMK2 2, 2 3 
z-LXZ<0'&. #fl.ft*ro*«IMtail 6, 1 7*:^ 

-Too w 5 l-c y-r nfesw* 22.23 coisa^saj u 
fc«»£*5. (mi 1 < B) 5 

[0 118] *5C, NSfrW-^+STMflfcWsi-^ftW * 
5. 

[0 1191 -<£>6#, »0ig^J±3 5 S , ^<O-C-T^^H'^^ 

MJ$ (*»«»*« 1X10 18 ~ lX10l9atoms/cm3 S 
[0 12 0] e<bi-, 2lsiecO^F*ifi^^»D2:t£Sn^^ff 



SfitiS 500QCJIT (ffSL<!4 300 Q»T) t<CS*«C 

[0 12 1] aiOll*at. Nflr^STFTO 
y_;*3iigc2 4 . KW 'sffi&.2 5 . ISSg^Ffcfcfeni^ 
2 6. ^-r*A'S?lSEW«2 " asjgdSSfto. *S3. 

(C) ) 

[oi2 2]i*:::, NfY*'^TFT«:l-3-:i'^^ 

flD'HT 9 w (75X11 *j Bui£cO?F^^DXlli: (5]^}C 2 
EiC^ttT'fTO, fc*£U i«&*frJC(±NS$rPSfcE 

ti.J:9 u 2 — 3 fSHLS^^Si^'i' ^rvtriSflP L'"* < 
[0 12 3] ;<oi::l', pf Y.*'HTFToy- 

7- 2 9 , K U"f 3 0 . 3 

! , ^^^./UJ^fi2m^3 2^Ex = it5, (ill 
(D) ) 

[0 12 4] »±<0«!CLTSte/l* s £5*L'fc£. 7 r 

^^*-T--/n£^:::i7>'7'7^- 
[0 12 5] fcJC, JBI81Sfel«3 3* SQOraOff 
«IWSfeakBt3 3 > L-CttKte£*K. 

[0 12 6] -5: U"C, ^"s? 7 h*— /w*:3gB£L"Cy — 
3iE»3 4. 3 5, KK>SH3 6 =r^i£ LTIH 1 1 

(e) jc*-r*ffl%»s. 

[0127] *3afi«-e*-t-cMosia»ttw>^-^ 

-C-NAND0K, NOR§5iOi4S*»lB* : !:** 

[01°28] y±co«{CL~^fSLfcTFTiif- 
^*^»riE»*2 7, 3 2^^WhS<75^^SB1-=^^ 

^^OT^^^TFT. CMOSS»._S9tlisim*BSt 

[0 12 9] *»W i SrT«lffll-fcTFT<0«SH*tt 
(TFT^tlti fcl«ftfit5) £**W*f«]ffl , -*'' x TF 

i4>!i{gl6(cyf h^JE (Vg) , Ku-f>tS 
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(Id) OJtatkoT^D^Ht/???*)!), Id-V 
g (Id-Vg Aft) fcfcl*tfiX5. 

[0 13 01 0 12 (A) , (B) ll>'obtNft^ 
/ulTFT(7)TFT=tttt*S)^ HI 1 2 (A) ttyV* 
U>/M^utTFT, B12 (B) i^'^yy 

2 (A) . (B) tt>* .t>ffiSc0 3 OiUcOTFTMo 

[0 1 3 1 ] EH 1 2 (A) , (B) ^ZX-fxxZ. 

c^K^yiE (Vd) 1 4 Vk Lt*^Of-? 
T'fcoo *b;7# Ku-T 1 V £ LtzWr&tD 

T-fvhz., *fc. *v h^j±{i-2ov-2ov (Dmmx- 

[0 13 2] *?\ H112 (A) *co^TK9H-5 0 HI 
12 (A) tC*i"«*N^ + */uSTFTcO*fr % #3-2 
0V— 0Vc0ffiffl-CTFT^^-7«!gica>odS, ^=PC0^^ 
mSc8 1 (Vd=14V <D*fr) % 8 2 (Vd-iVO^) # 
Mail eiioo C cofSlt^h $ s* jxtf/h * i MS <r£^\ 
[0 13 3] £fc, hSffid s S*iO VJCS Li^5i 

[0 13 4] ^ LT, ->V hmJE^OV— 20V (7?®|1T*^ 
TFT^V^SfC&o/t*^ ^>-mgc.8 3 (Vd=14V 

<o*&) , 8 4 (vd=ivcoi§^) ^^iTicrtOo :.<7)tys 

Jttl8 3 , 8 4«4*»fCffiftLT5&c— Sc0fS^7F^- o 

[o i 3 5] jfcjc. a i 2 (B) '<zts\,^ hffi&icj-y 

m,tt.8 5 (Vd = 14V <7?*&^) , 8 6 (Vd = l\'(Digr£) $3 
J:0^>1Sl8 7 (Vd = 14V cOi§^) % 8 8 (Vd = lVcO 

ostein 1 2 (A) ^^7^SiS^Q^T*fe 

[0 13 6] HP*>, HI 1 2 (A) T'(4^-^mit8 1 , 8 
2 > fclcltRtt»oS:2«S*:*L-C^5-»-, ll 2 
(B) Tli^ic^-7^8 Sco^y^^L^cQi 

[0 13 7] *3891#£<04BJ!JcJ:jxlf, TFT<7?gi4 

TFT ?rtg/5 LtzW& t i Z±^<om%*7nm.<V'< 7^7* 
[0 13 8] Hi 12 (B) fcI*+TFT<Ofl;»SH4l±* 

^^nm^x^^m^^m&Ttm^^y^ y > 

^Lfc*8\ (Hi 2 (A) JCTF-rSfc^^mfiS^li^o 



[0 13 9] ^\ H) l 2-?J4N^ + */uggTFT}£o 
^tO^ Lfcds, P^>*'t'STFTiCis^-CfcH 
«<z>ieJ8:as* 5> ix T ^ 5 o 

[0 14 0] ~ T\ HI 1 2 (A) SiiWa 1 2 (B) 
tC*Lt*a*f**r»flttLfc^7 7*H 1 3 (A) % 

(B) HI 13 (A) iCTF-r^y^it^"^ 

SStSico, Hi 3 (B) 7 y 7 \±=: ¥V=r 

^lE^gl^^^^^LTib^ , 5 4 
0 <0<O T F T iCO^T <0-r— ^ L X fcoc 

[0 14 1] :^^/7 7ltTFT^fic0/<77^r 
fi^ff, HI 13 (A) 5rjL5' 

>^*L<B^ii»pA^»^ 
[0 14 2] ap%\ ^- **>i*as 

[0 14 3] cSoT, HI 1 3 (A) X&tf y? ]f 

>^^<7}^3\ 5 4 0!HC0TFTW5*>, ^80% (4 
3 0 lim^) ttlOpASff^ittlCiRS g^glli 
OfflcOTFTIi 1-2 ffiUt^ J o^.>4o-CL^ 9 <1 

[0 144] *^«^^fi, ±a<DS*31ffl|Cj: 9» 

[0145] eh 3 (B) ic^-t-^- tr y t 1 -< fSO 

Bx^r fflcoi^cfi,'* a ffi t> 'o <e i , ¥ 7 9 
V >yr- l<7}^, ffiS{c=-fcr y x -r iiia?/h$^TFT 

[0 14 6] :w; t * y >^^s>*a\ tf 
[0 14 7] *5BW*5>tt*^««c 

il^. #y ">y =>^{C^^jXo^a B aS 
-^i^fixLt^Oo CtL^TFTlftf^B*<73=¥^yr 
[0148] ^0»J 1 :c^L^X!icOit^, RHI^IC^ 
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10 14 9] *3.-c#*0J*5>tt. f*»fc>*=*Att 

[0150] Scot, 013 (B) (d^-Tffi^^^tti- 

|0l5l]*t. *«W#?>ltHll (E) IC^-TC 
MOSES! (W^"<-^S») ^^iOUS-igSIU 

««E0~l 6V-?Sc"3E5ifAf^ ! -. lOONHzifil^ftflsfflSS 

[0 1 5 2l W±ro^^, **WiS T PT»tt^* 

[0153] CSSIS*! 4 ] *3efc«-e«:»6« 3 £ l±* 

6 iS! * * T F T % fffi-f o 91 * 
[0 1 5 4] Hi 5 (A) fci*5t*T. 4 1 litfy^m 
4 2ftTttU*, 4 3^M^4^^M 
« % 4 4H:y-f HftiWH, 4 5 4 6 

5 e (Hi 5 (A) ) 

[0 15 5] »JC7t-*^T = -/w«cJ:o-C 5 

00-700 roaac-^y^^ y >^xma s frr>*L5<D-e. 
[0 15 6] &»c, ss*fl:^fc»w/niai*aas:tT(r\ 

lc«*tfA^. (HI 5 (B) ) 
[0 15 7] *IC, '^v* h"^^ ^ 4 8*rRtt"C-s'*' 

(Hi 5 (C) ) 

[0158] y^^y v^fc»<oai»*aas:iT 
v\ *^y#y v^s«c5 i ^co^-^^y^^ y > 



•y^yy/SS) 5 2 ##«bix5* (Hi 5 (D) ) 
[0 15 9] SIC >f -y9 V >^xm»cJ:o-C»5>ixfc 
%L¥v9 x ) >^nB*£5 2 *:/^-^y/Ltgfel 5 3 

y^^jf Y y s<— tWiiiZ) 5 4 ^rlxJtOo (Hi 5 
(E) ) 

[0 16 0] HI 5 (E) co^cHg/>#)bixfco, N-S*: 

bic, y-^IE^5 7, >IE^5 8 rMto e 

^U, *aiC±*^7K»^k*:tToTHl 5 (F) ^ 

[0161] L*5£#l 5 ] IISeM 3 t'lfcSS LfcttiC* * 

[0162] SSSfi* i^y^zl'^y<yy^rm^> '-tv/u 

[0 16 3] -r <7}/ti£>, dfrui^ 1 OCOT F T "?^"^"SSrt 
L "C t>ftfl^ TFT ^iE^icIbf^i-tvil^cO 

tf> # Sbfttt M * s tft# *a{tr o^^r 
[0 16 4] fgB E aa^acoiJ^S^^> 

Co 

[0 16 5] utoT, ec3£<7^/U^V hlgitT'liran 

[0 16 6] L/^L^o. «WOTFTS»SW 
TFT-Cb+^iCfS^-roC>/^^too 

[0 16 7] S£o-C, ^^toCi^TFTf 
>f X*^c< LTbt7 IS CO ✓ < 7 ^ <D 'h e t 

[0168] C^^J 6 ] *^S^]-C^t*^^^r-S^ L 
fcTFTrS^t^it'^i^to^S!?:* 
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[0169] , 016 ic^i-.^itr ;r^^hy^^ 

-HB^n y' ^ ?B8*1ltf 1 5»«::iiCMO S SS 

^ Hiaf^ h y ^^EiH*«fi£i"5aa;cttis»TFT 

[0 1.7 0] **3. ««3-?CMOS@aoia (T 

[0 17 1] £i\ 3Jft«3JC*LfcCMOS@ttOff 
JSlSMBto-C* HI 1 6 (OiEffilOCMO SEelK^r^jSi" 
5 0 ~^B#, HSiT FT<0«isSCMO S tgJ5£^- 

T^/^VHSiicL/t^ LDDS«^ft§* 
[0 17 2] CMOSE»<0±$CSi*»14»flia^5 

jiffl&afcBie lasKtffcft: *o±::tt7 , 7 y*-**9 

6 2 £Ef^-^ h y 9 ^(°3^co±.^^^iC|2ftTl^o0 5 . 
CM0SIS»O±*K:i2tt5»j££ L"Cfcftv\, 
[0 17 3] 7 7 y9^^9 6 2±;c{±f¥VJiMS6SMi 
6 3 #13: #5? ft* zzi/? ? h^—'i'&tSirt'Zmmm&e 

*s Eg $ ft fc fi« * * "t"> 
[0 17 4] *fc. 6 6J±»I£J5«, 6 7li3M*aW 

<om\zm^m 6 9 ^ft^ u-ca i 6 9^ 

b V ^gjfl^S^SIEdMilfiicftoo 
{0 17 5] Sfc, Tf'TJ h v ? xm&uBm^^ 
Bco^^m I 7 ;crSB^fLLT^-fo El l 7 scis^T * 
■ 7 7 2f*T*tfUifl* 7 3\tmm-*hl)? 

^i°3K, 7 4 l^y — * -KW'<— [slS. 7 5 i±y h K 

[0 17 6] ni; y ;B»7 6!ifl:lSS'sc:ttTFT-e» 

-*bl) :7*[e3SS, K5-f SHiP^Sft-C^olEiaSi 
[£^^ofc^(c^ft^^(e3S5:^^^^^o 
[0 17 7] C^^!7] *^3£t*]-?Ji* *^^^rf§S 



£>ft5o 

[0 1 78] ii 8 (A) ii^^<-f /u=>tra.— ?-c-fc 
9 , *'*2 00 1, *>75fl2002, S&SS2 0 0 
3, g^^^f 2 0 0 4, S^gt2 0 0 5-etg£x£ 
ft5o *«Wli5*8I2 o o 5 icifflt 5 

[0 17 9] ill L 8 (B) \-t— y b"^V> hrw 
-fT-feS* 10 1, S^I2 10 2, KSB 

2 1 0 3 -eUtJdcS ft 5o *«W±**SeII2 1 0 2!cS 

[0 1 8 0] Hi 8 (C) ;j;^-tfy-v s >v*-r ' 
At?S>9, $*2 2 0 1, S^gl2 2 0 2, »f£x-f 

2 2 0 3, 7>rt2 2 0 4-C'lJS$ri5o 
I^S^^K2 2 0 2 l£2i/Bi~5 5o 

[0 1 8 1] HI 8 (D) J±3MBr»B"?4>9. *#2 3 
0 1 , =£~tii71&> 2 3 0 2. tr^A^SE 2 3 0 3. 
SI2 3 0 4, »fls*>r ^2 3 0 5, 3 0 

6"?Mctl5, 2 3 0 4 :tiS^-r5 

[0182] H i 8 (E) libTr-'^-^^ 7"Cr;fc9 . *'* 
2 4 0 1, S^gE 2 4 0 2. i^A^^ 2 4 0 3, & 
ft^yf 24 0 4, /^r!i-2 4 0 5, 2 4 

0 6-ef«5ii5, *l^(^gI2 4 o 2^a«-r 

[0 18 3] «±0>«»C. *HW«0(Pffl«Sfflf4«ft"C^ 
[0 18 4] 

[3SW£>5**1 *H ^ ^ ^ ^ 5. ^ > -c^ a 9 a-ft: aS"^ 5 
[0 18 5] **^*:ffli/^'s:»?jftii:ttfttt a ! t * 

[Hi] P tc^oo K-Xf > =. y y/ugf^ri#^ 
*i~Ho 

[H2] -ir^^ y >^*^xm ; r!S.^i"o?ta6co 
Ho 

So 

[H4l 160X200 p. m^^?->^7+?I^I 
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ABU 

[[15] 

[me] 

So 

[17] 
[08] 
[19] 



[Hill TFTOflFaxaSr^i-BI. 

[Ell 2] TFTO««W44:lftWi"5fc* ro BI. 

[Hi 3] T F T»WW4S:RHt5 fc»©a- 

[H 1 4] ^ -y{fHr"y\^— ^roSySra**:*"^. 

[Hi 5] TFTco^xm^^-rm. 

[116] jflUfc«*3SliroWrB«at«:*1"l2. 
[HI] 



'1 



£ 
o 



O 



g 

c 

8 

C 

8 



£ I 



I 0 30kev 



0- 



10 



1 10 15 2 10 ,ft 3 10 1 * 4 10 ,s 5 10 1! 

P dose [ions/cm 2 ] 



EL 

[118] ^m^^lrd L o 5 CESS 

2 0 1 #7 

2 0 2 TifcJH 

2 0 3 JpbbSs*S 

2 0 4 — y tr^a^JM 

2 0 5 Sfi*feS*K 

2 0 6 Sa^^ftlciX^lattSil 

2 0 7 Uv* 

2 0 8, 2 0 9 P5c«*SSDLfca* (cr^* U > , 
^««) 

2 i 0 PTC^^SiDL^MSMK (tt-y^^ 

2ii y>^y> ^SSrSS L fc^aei*^ 

2 i 2 fiffttt^*3t-?*5**^^-> 
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